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Introduction
Pedunculate oak (Quercus robur L.) used to be an economically important type of Bosnia and
Herzegovina forests, but according to the data from the Bosnia and Herzegovina forest inventory on
big areas in 1964 – 1968 (Matić et al. 1971), only cca 10,261 ha is accounted for pedunculate oak
forests.
Area of Bosnia and Herzegovina represents the central part of natural southern spread of
pedunculate oak and as such it has a specific genetic structure (Ballian et al. 2010) in relation to the
northern and central part of the areal.
So far, very few pedunculate oak molecular researches have been conducted in Bosnia and
Herzegovina. Ballian et al. (2010) have tested the variability of certain remaining populations of
pedunculate oak in Bosnia and Herzegovina, using high polymorphic nuclear microsatellite markers.
They have recorded significant differences in frequencies between populations, effective number of
alleles, fixation index and genetic differentiation. Memisevic Hodzic (2015) have tested twenty
pedunculate oak provenances using isozyme markers. The analysis has proven that there exist
massive variabilities within and between the populations.
The aim of this study is analyse pedunculate oak provenances and to provide answers to questions
about the genetic structure of the remaining populations on the territory of Bosnia and
Herzegovina, whether it is possible to provide predispositions for future production od seeds and
planting material and the experimental re-ionisation of pedunculate oak in Bosnia and Herzegovina,
i.e. conservation in situ and ex situ.

Matherial and methods
Research has been conducted in provenance test of pedunculate oak originating in Bosnia and
Herzegovina. The test has been taken from the seeds in natural populations, gathered under minimum
10 trees per population. Twenty provenances have been analysed in total (Table 1, Map 1). Twigs with
dormant buds were collected in February 2014. Fifty plants were taken from each provenance.

Table 1: Analysed pedunculate oak provenances

Map 1: Investigated provenances

Isozyme markers have been used for the analysis of genetic structure (Table 2), while the
interpretation of zymogram has been conducted in accordance with the Konnert et al (2004)
protocol. Statistical Analysis System has been used for calculating parameters of genetic variability.

Table 2: Enzyme systems used, analyzed gen loci

Conclusions
1. Through the analysis of ten enzyme systems with 14 genetic loci we determined the existence of
statistically significant differences between the analysed provenances.
2. Each of the 14 analysed loci is more or less polymorphic. A high level of polymorphism is found in AAP-
A locus.
3. The greatest number of polymorphic loci is found in Zivinice provenance (12).
4. The lowest determined average value of number of alleles is detected in Bosanska Dubica, Bosansko
Grahovo and Sokolac provenances, while the greatest value is in Bosanski Brod provenance.
5. The highest average observed heterozygosis for all genetic loci is shown by Olovo provenance, while
the lowest is shown by Bosanska Dubica.
6. Positive average values of fixation index have been determined in eight out of twenty provenances:
Bijeljina, Bosanska Dubica, Bosansko Grahovo, Drvar, Jelah, Miljevina, Mrkonjic Grad and Sokolac.
7. Minimum multilocus diversity has been established between Bijeljina and Mrkonjic Grad provenances,
while the maximum multilocus diversity has been established between Olovo and Kotor Varos
provenances.
8. Minimum diversity of the genetic pool has been established between Bosanska Gradiska and Stojcevac
provenances, while maximum diversity of genetic pool has been established between Olovo and Zepce
provenances.
9. The obtained results should be used during planning measures of preservation and reintroduction of
pedunculate oak in Bosnia and Herzegovina and for management activities in the remaining stands.

Results and discusion

Intraprovenance variability 
Number of alleles per locus 
The lowest detected average value of number of alleles per locus (Table 3) have Bosanska Dubica,
Grahovo, Kotor Varos, Olovo and Stojcevac provenances (2,3571), while the highest value is detected
in Bosanski Brod provenance (3,1429).
Loci polymorphism
The lowest percentage of polymorphic loci is found in Bosanska Dubica, Mutnica and Stojcevac
provenances with 50%, while the greatest percentage is in Zivinice provenance, 85,71% (Table 3).
Observed heterozygosity
As shown in Table 3, the highest value of observed heterozygosis is found in Olovo provenance
(0,2907), while the lowest value is found in Bosanska Dubica provenance (0,1571).
Observed heterozygosity is greater than expected for the following eight provenances: Bosanski
Brod, Hrgovi Srebrenik, Jelah, Kacuni, Kotor Varos, Olovo, Stojcevac and Zepce. This result had been
expected for Bosanski Brod provenance which is open to Posavina populations in Croatia, as well as
for Hrgovi Srebrenik, Jelah, Kotor Varos, Kacuni and Zepce populations which still have good
structures and which are relatively large in comparison to other populations in Bosnia and
Herzegovina.
Fixation index (Wright's inbreeding coefficient)
Eight provenances show negative average values of the fixation index. The highest value of fixation
index are found in Bosanska Dubica (0,1019), and the lowest in Olovo provenance (-0,1269). In this
population one can detect the phenomenon of a small population and a great diversity. Average
fixation index value for all provenances, as well as for genetic loci, is positive, amounting to 0, 0032.

Table 3: Measures of genetic variability for the 20 analysed provenances

Differentiation between provenances
Multilocus divergence between the provenances
The lowest mutual multilocus divergence is detected between Bijeljina and Mrkonjic Grad
provenances, amounting to 0, 10006, while the highest divergence is 0, 3217, detected between
Olovo and Kotor Varos.
Genetic pool differentiations between provenances
The lowest mutual divergence of the genetic pool is detected between Bosanska Gradiska and
Stojcevac provenances, amounting to 0,0560, while the highest divergence is found between Olovo
and Zepce provenances, amounting to 0,2066. Low divergence between Bosanska Gradiska and
Stojcevac populations was not expected because they are geographically distant.
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